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The Dredging Subcommittee of the Water Quality Board (NOB) completed
"Guidelines and Register for Evaluation of Great Lakes Dredging Projects“
in 1982 and thereafter initiated several projects related to dredging and
the guidelines.
As a result, in its l983 report to the WQB open lake site
selection criteria development and Great Lakes dredging in an ecosystem
perspective were among the principal topics.
In addition to these discussions
the Subcommittee submitted a separate report on the evaluation of dredge
material disposal options for two Great Lakes harbours.
The two—harbour study was undertaken to assess the practicality of the
guidelines.
In following the guidelines (Figure l), the Dredging Subcommittee
found that sediment bioassessment was needed to better evaluate the disposal
options for some harbour sediments when bulk sediment chemistry data were not
conclusive.
Consequently, the Dredging Subcommittee developed a cooperative
study to evaluate the applicability of some bioassessment techniques currently
employed or under development at federal research laboratories for evaluating
the environmental impacts of dredged material disposal. Arrangements were
made to obtain sediments from the two harbours and distribute the desired
subsamples to different research organizations with sediment bioassessment
programs. Fisheries and Oceans Canada (DFO), Great Lakes Fisheries Research
Branch, located at Burlington, Ontario, collected and distributed the
sediments from the two harbours to the U.S. Environmental Protection Agency
(EPA) Laboratory in Corvallis, Oregon, the U.S. Army Corps of Engineers (COE),
Waterways Experiment Station in Vicksburg, Mississippi, and the U.S. Fish and
Wildlife Service (FWS), Great Lakes Fishery Laboratory in Ann Arbor, Michigan.
Considerable effort was contributed by the individual laboratories and their
staff, as is evident from the reports.
A meeting was held in order for the participating laboratories to
report their bioassessment findings and to aid the Dredging Subcommittee in
evaluating the developmental status of sediment bioassessment techniques
and their advantages, disadvantages and utility in predicting the potential
biological impacts of dredging and disposal. Based on the sediment bioassay
reports, discussions with meeting participants, and subsequent Dredging






























































a ................ l_________________ .
  















































 Findings and Conclusions
Short—term (<96 hour) testing of sediment elutriates to determine acute
toxicity of sediment contaminants is a relatively well developed,
standardized technique in which a number of aquatic organisms are
used. Results from tests of this nature are primarily indicative of the
short-term water column effects of dredging and disposal. Although such
tests are useful when evaluating disposal options they do not predict the
long-term effects of the dredged materials following disposal in open
waters.
Standardized methodologies for the assessment of chronic effects of
sediment contaminants or the bioaccumulation of sediment contaminants have
not been fully developed. Progress has been made, however, in simplifying
some of the methodologies, selecting preferred test organisms, such as
fish and worms, and in demonstrating the reproducibility of available test
results.
Results of these sediment bioassessments did not provide information that
would significantly alter a decision regarding open lake disposal based
on bulk criteria. Bioassessment of sediment from potential open lake
disposal sites would be required to determine if any observed contaminant
bioaccumulation from the dredged material was significantly different from
bioaccumulation from sediments at the disposal site.
Criteria for the evaluation of sediment bioassessment results have not
been agreed upon. With respect to bioaccumulation, any statistically
significant increase in contaminant uptake at some acceptable confidence
level above that associated with a reference sediment, may be considered
unacceptable. Such a criterion is consistent with the principle of
nondegradation, although the biological significance of the increase is
often unknown. Criteria for the acceptability of changes in sublethal


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It is the opinion of the Dredging Subcommittee that, as yet, there is
no single best sediment bioassessment test. A spectrum of tests and test
organisms are available and which of these is selected is dependent on the
question or questions to be answered. For dredged material disposal options
some estimate of long—term biological effects of sediment contaminants is
paramount. Bioaccumulation, growth, reproduction and tumor induction are
sublethal biological test parameters that should be considered. Reasonable
measures of these phenomena would greatly aid in validating or modifying the
sediment criteria used for determining dredged material disposal options in
the Great Lakes.
In the interim, further development and application of bioassessment tests
will aid in the evaluation of dredging and disposal questions and ultimately
provide the information base from which more biologically meaningful sediment
chemistry criteria can be derived.
DISCUSSION
Sediment bioassessment was discussed in some detail in the 1982 Guidelines
and Register. The Dredging Subcommittee stressed the need for standardized
sediment bioassessment procedures and meaningful criteria for the evaluation
of test results. In the context of nondegradation, dredge materials disposed
of in open water cannot be more toxic or result in greater bioaccumulation of
contaminants than in situ sediments at the disposal site.
lo assess the long—term biological effects of sediment contaminants,
growth, reproduction and tumor induction are important parameters that could
be measured. Small fishes and macroinvertebrates are apparently the animals
of choice to be used in laboratory tests to evaluate the long—term effects of
sediment contaminants. Those fish species and macroinvertebrates with short
life cycles and that are responsive to sediment contaminants in terms
of growth, reproductive success or tumor induction are most appropriate.
Experimental designs for sediment bioassessments for either the
determination of sediment contaminant criteria or disposal options should be
appropriately structured for statistical analysis. Measurable differences at
a statistically acceptableconfidence level between open lake disposal sites
and sediments from a dredging project would be a scientifically acceptable
basis for denying open lake disposal of dredged materials and prevent
measurable degradation from occurring.
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Toronto - Toledo Sediments
M. Munawar and R. L. Thomas
Department of Fisheries and Oceans
Great Lakes Fisheries Research Branch
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Agreement signed by Canada and the United States.
Traditionally, the management of dredge spoils has been entirely based
on bulk chemical characterization of the sediment. Such an environmental
assessment based solely on bulk chemical data is misleading and less than
desirable from an ecological point of view. Moreover, lack of concern

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE A. TRACE ELEMENT ANALYSES: SEDIHENT AND ELUTRIATE ANALYSES, TORONTO HARBOUR
SAMPLE $102 A1203 F9203 M90 Ca0 Na20 K20 T10, MnO P20s TOTAL PCB DDT Hg Cr Co Cu Zn As V Ni Pb Cd Fe Mn N0,(N) NH,(N) 1P0“
e ———————————————————————
%Dry weight ————————————————————— ~+ +-——PPB—————+ +——-~<Sediment as ug/gm, e1utriate as ug/L ———————— —+ + ————— (mg/L) ————— a
TOR—Comp
Sediment 60.9 12.9 7.8 5.9 7.6 0.8 3.5 0.9 0.1 0.3 100.0 860 7 970 226. 28. 76. 355. 20. 110. 114. 104. — — — — —
Stand ———————————————————————————————————————————————————————— — — — — <0.1 <1 - <1. <1. <1 <1. 20. 12. 0.6 .075








Sediment 57.3 10.9 6.3 4.1 15.9 1.1 2.9 0.7 0.1 0.3 100.0 450 10 1910 239. 6. 140. 509. 9. 62. 27. 7008. — —
Stand ———————————————————————————————————————————————————————— - — - — <0.1 3. 20. — — <1. <1. <1. <1. 70. 5.4 1.39 .023
CheTex ———————————————————————————————————————————————————————— — - - ~ <0.1 <1. <2.6 — — 12. <1 <1. <1. 10. 27.0 0.40 .023
TOR—2
Sediment 57.5 10.0 6.1 3.9 16.4 1.0 3.0 0.7 0.1 0.4 100.0 1640 16 210 124. 2. 79. 364. 2. 63. 24. 357. — — — — —
Stand ———————————————————————————————————————————————————————— — — ~ —<0.1 <1. 14. — — <1. <1. <1. <1. 170. 9.















— <0.1 <1. 9,
—
— <1.
<1. <1. <1. 20.















Sediment 68.5 6.8 1.7 1.5 18.1 1.4 1.7 0.2 0.02 0.2 100.0 11 <1 50 49. 1. 9. 64. 18. 13. 14. 37. ~ — — — - —
Stand
Chelex
< Signifies be1ow detection 1eve1s.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                 
    
  
   
     
    
  
   














































































































































































ALGAL FRACTIONATION BIOASSAYS (AFBS)
Composite Bioassay
The ultraplankton (5—20 pm) size fraction of phytoplankton was responsible
for a major portion of primary productivity of the total population. The
bioassay with the standard elutriate revealed significant inhibition of the
014 uptake (Figure 7) when compared to the control productivity. Increasing
dosages caused proportional decreases of C14 uptake (Table l) with 20%
addition producing a highly significant inhibition (P<0.00l; Table 2).
The CheleXO—treated elutriate also indicated a more or less inhibitory
trend with increasing dosage but the 20% addition was the only concentration
which produced significant recovery of C14 uptake when compared to the
standard elutriate. This suggests that it is only at higher concentration
of the elutriate that sufficient dissolved metals are removed to bring about
a significant reduction of toxicity.
The response of the microplankton/netplankton (>20 pm) did not show any
impact of the eluted contaminants by both the standard or Chelex®—treated
elutriates. Response by the p—algae (<5 pm) were not considered for all
the bioassay results since their natural productivity is usually very low in
the spring collections of phytoplankton.
Site l Bioassay
The ultraplankton (5-20 pm) size fraction was the most productive
component of the natural assemblage. The addition of increasing dosages
of standard elutriate exhibited increasing inhibition of the C14 uptake
(Figure 8) which was statistically significant at l0% and 20% additions
(Table 2). The ChelexO—treated elutriate, although toxic, was not
significantly different from the standard elutriate except at the 20%
elutriate concentration.
The microplankton/netplankton also showed an inhibitory trend (Figure 8)
at higher concentrations of elutriate additions, but the response was not
statistically significant. Similarly, the addition of ChelexO—treated
elutriate did not produce significant response.
Site 2 Bioassay
The results of the response of ultraplankton and microplankton/netplankton
are shown in Figure 9. The standard elutriate additions to the ultraplankton
(5—20 pm) produced increasing toxicity which inhibited the C14 uptake by
38% of the control (Table l). The inhibitory trend was significant at all
additions but higher concentrations showed highly significant results (Table
2). The addition of CheleXG—treated elutriate interestingly decreased
014 uptake compared to the standard elutriate additions and continued

























































































SAMPLE IDENTIFICATION 1% 5% 10% 20%
ULTRAPLANKTON 5-20 pm
Toronto Composite 16/04/84 2 8 14 24
Toronto Site #1 16/04/84 9 13 12 24
Toronto Site #2 17/04/84 8 18 27 38
Toronto Site #3 17/04/84 3 7 14 29
Representative mean 5.5 11.5 16.8 28.8
MICROPLANKTON/NETPLANKTON >20 pm
Toronto Composite 16/04/84 ~19 —4 «3 —4
Toronto Site #1 16/04/84 4 —14 3 24
Toronto Site #2 17/04/84 1 —4 7 25
Toronto Site #3 17/04/84 0 4 4 30















































































































































































































































































































































































































































































































































































   
 
  
The microplankton/netplankton (>20 pm) did not show any noteworthy,
significant results in response to addition of both types of elutriates.
Site 3 Bioassay
The results of the Site 3 bioassay are shown in Figure 10. Increasing
additions of the standard elutriate were responsible for an increasing
inhibitory trend in C14 uptake by the ultraplankton, which was
significantly different than the control at 10% and 20% additions (Tables
l and 2). The ChelexO—lOO treated elutriate addition showed the most
pronounced recovery of C14 uptake, which was higher than that produced
by the additions of the standard elutriate. Most of the additions produced
highly significant results (Table 3) compared to the standard elutriate.
These results possibly indicate that dissolved metals, removed by ChelexO-lOO
treatment, might be responsible for the observed toxicity at Site 3.
Once again the microplankton/netplankton did not show any significant
response to the addition of the standard elutriate. Similarly, addition of
Chelex®~treated elutriate produced significant difference at the 20%
addition only and indicated recovery.
RESULTS — TOLEDO HARBOR
SEDIMENT CHEMISTRY
Geochemical analysis of the Toledo composite sediment sample revealed
the presence of a number of heavy metals, namely Zn, Cr, V, Pb, Ni and Cu,
of which Zn and Cr were the most abundant (Table B and Figure ll, Sediment
Analysis).
The individual sediment samples of Toledo Harbor had chemical compositions
similar to the composite. Site 1 sediment (Table B and Figure l2) at the
mouth of the Maumee River had the highest concentrations of metals with Zn
(285 pg/gm) and Cr (l68 pg/gm) being the most dominant. Site 2 sediment had
the lowest concentration of metals. Site 3 sediment had relatively higher
concentration of Zn (l9? ug/gm) and Cr (145 pg/gm) than Site 2. Sediment from
Site 4 was not used for elutriate preparation but it was used in the preparation
of the composite sample. This Site had the second largest concentration of Zn
and Cr after Site 1.
ELUTRIATE CHEMISTRY
Composite Elutriate
Although Zn, Cr, V, Pb, Cu, Ni and As were found in the sediment, only Mn,
Fe, Cu and Zn were eluted into the standard elutriate. Phosphorus remained at
a detectable level (Table B and Figure ll). Nitrogen ions (N0; and NH:) were
found at fairly high concentrations (4.5 and 3.7 mg/L). The ChelexO—treated
elutriate effectively removed dissolved forms of Mn and Zn to below detection
limits. 0n the other hand, the concentrations of Cu and Fe increased due to
Chelex® treatment. The phosphorus and nitrogen concentrations remained







































































































































































SAMPLE IDENTIFICATION 1% 5% 10% 20%
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 Site 1 Bioassay
Once again the u1trap1ankton (5—20 uM), the most dominant fraction, was
affected by the addition of standard e1utriate (Figure 15). The t-test
ana1ysis indicated that the inhibition of 014 uptake was significant
(P<0.01) at 5%, 10% and 20% additions (Tab1e 4). CheTex® treatment brought
about a remarkab1e increase, or recovery, of C14 uptake at a11 additions but
high1y significant increases (P<0.001) were recorded when 10% and 20% additions
were made (Tab1e 6). The microp1ankton/netp1ankton were not affected by the
addition of each type of eTutriates.
Site 2 Bioassay
The addition of the Site 2 standard e1utriate to the u1trap1ankton
produced the most significant toxic effects in which as much as 35% of
the 014 uptake was reduced (Figure 16). The C14 uptake inhibition was
significant1y different than the contr01 (Tab1e 4) with the addition of 20%
standard e1utriate (P<0.001). The Che1ex® treatment showed significant
recovery on1y at the highest concentration and yet resu1ted in Tower 014
uptakes at 1% and 5% additions. The impact of Site 2 e1utriate was a1so seen
in the microp1ankton/netp1ankton component, which was genera11y found to be
more or 1ess resistant thus far. It showed an increasing inhibitory trend
(Figure 16, TabTe 5) with increasing dosages of the standard e1utriate which
was significant1y Tower than the contr01 C14 uptake (Tab1e 5). The



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PERCENT ELUTRIATE REQUIRED FOR ECSO AND TT25
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of trace metals in natural waters with special reference to copper, lead,
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Priority Pollutant Scan, GC/MS











Three species of freshwater fish and a bivalve mollusc were used as E
experimental organisms. All were acclimated to 23°C under flowing water and
were maintained in standard lO—gallon glass aquaria in the laboratory at least
one month prior to experimentation. Clams were provided a 5 cm deep substrate 0
of washed coarse gravel. Observations for dead or moribund organisms were i
made daily for the fish and at the end of the exposures for the clams.
Fathead minnows (Pimephales promelas) and Japanese Medaka (killifish)
(erzias latlpcs) were obtained fromcultured stock of Dr. Adrian Lawler,
Ocean Springs, Mississippi, and were sexually immature at the time of
experimentation. Medaka were 6—32 mm in length and averaged 0.16 g i 0.05
Standard Deviation (S 0.). Fatheads were l9—50 mm in length and averaged
0.43 g t 0.18 8.0. Both were maintained on Tetra—5M0 flake food
supplemented with freeze—dried brine and shrimp and mixed pond algae.
Few mortalities of fatheads and none of medaka occurred during holding.
Golden shiner minnows (Notemigonus crysoleucas) were obtained from a local
bait supply. Shiners measured 64—l00 mm in length and weighed 1.6 g i 0.70
5.0. Acclimation and maintenance diet were similar to the above. Mortality
during holding was less than l0%. No drug or chemical treatments were used.
Asiatic clams (Corbicula fluminea) were collected from a previously
studied population (McFarland et a1. l984) in the Sacramento River Delta,
California. Clams measured 20-30 mm longest dimension from umbo to ventral
edge and weighed l.4 g t 0.l7 S.D. fresh tissue less shell. A maintenance
diet of cultured monoclonal alga (Selenastrum capricornutum) was fed daily.
 
EXPOSURE SYSTEM
A flow—through constant temperature exposure system (Figure 2) consisting
of twenty—four, 75 L aquaria was used. Each aquarium was equipped with a
circulating pump which continously withdrew water, passed it through a
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 This was considered acceptable due to the high contaminant concentrations
expected in the samples. After the scans were conducted, the samples were
given additional cleanup by the method of Murphy (l972) for low—level quanti—
fication of polychlorinated biphenyl (PCB) isomer groups using ECD. Total PCB
was reported as the sum of all isomer groups quantified in this manner.
Culture water was analyzed for water quality parameters according to
Standard Methods (APHA, ANNA, and WPCF, l980). All exposure water analyses
for contaminants were made on unfiltered samples and included chemicals sorbed
to particulates as well as any present in solution. Exposure water samples
were analyzed for purgeables according to EPA Method 624. Contaminant
concentrations in the sediments indicated that whole water samples from aquaria
containing both Toronto and Toledo sediments might be analyzed profitably only
for base/neutral extractables, and purgeables might be detected in whole water
from the Toronto aquaria. The base/neutrals were analyzed by EPA Method 625.1,
and the purgeables according to EPA Method 624.
Contaminant concentrations in the sediments indicated the tissue samples
might contain some polynuclear aromatic hydrocarbon (PAH) compounds. Tissue
samples were prepared for analyses according to U.S. EPA (1977a). The
base/neutral extractables were analyzed using EPA Method 625.]. A separate
aliquot of tissue was taken for lipid determination according to FDA Method
2ll.l3f, (U.S. FDA, l977).
All organic analyses were performed using an HP 5987 GC/MS/DS. EPA Method
625 purgeables column was a Carbopack B® coated with one percent SP—lOOOo
packed in a 1.8 cm by 2 mm 1.0. glass column with helium carrier gas at a flow
rate of 30 ml/min. Column temperature was isothermal at 45°C for three minutes,
then programmed at 8°C per minute to 220°C and held for five minutes. The EPA
Method 625 l extractables column was a 30 m x 0.25 mm 1.0. 08—50 fused silica
capillary column temperature programmed at 8°C per minute, from a two—minute
hold at 60°C to 300°C and held for five minutes. All organic standard reference
materials were obtained from the EPA Repository for Toxic and Hazardous
Materials, Quality Assurance Branch, Environmental Monitoring and Support





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BIS (CHLOROMETHYL) ETHER <0.008 <0.011
BROMOFORM <0.008 <0.011






















METHYL CHLORIDE <0.008 <0.011
63
  













































































































































































































































































































































































































































































































































































































BASE NEUTRAL COMPOUNDS, cont'd.
DI—N—OCTYL PHTHALATE <0.85 <T.1







INDENO (1,2,3—CD) PYRENE <0.85 3.2

















P—CHLORO-M—CRESOL <0 85 <T.T























































































































































































































































































































































































































Tota1 Disso1ved So1ids 472.
Hardness, as CaCOa 9.4
A1ka1inity, as CaCOa 388.
Disso1ved Organic Carbon 75.
Tota1 Kje1dah1 Nitrogen 0.17
Tota1 Phosphorus 0.44
Ammonia, as N 0.15
Disso1ved Oxygen at 23° C 7 1—8 7








1 2 3 4 6 8
BASE NEUTRAL COMPOUNDS ug/L
BENZO(A)PYRENE
Low 13.0 <10 11.0 <10 <10 <10
Medium <10 <10 <10 20.0 <10 <10
High <10 <10 <10 10.0 <10 <10
3,4—BENZOFLUORANTHENE
Low 10.0 <10 <10 <10 <10 <10
Medium <10 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
BENZO—(GHI)PERYLENE
Low 32.0 <10 <10 <10 <10 <10
Medium 17.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
BIS (2—ETHYLHEXYL) PHTHALATE
Low <10 <10 <10 32.0 11.0 <10
Medium 12.0 <10 13.0 16.0 13.0 22.0
High 14.0 16.0 25.0 26.0 29.0 24.0
DIBENZO(A,H)ANTHRACENE
Low 34.0 <10 <10 <10 <10 <10
Medium 16.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
INDENO (1,2,21—CD) PYRENE
Low 33.0 <10 <10 <10 <10 <10
Medium 11.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
TOTAL SUSPENDED SOLIDS, mg/L
Low 36 51 31 26 33 18
Medium 160 140 120 330 120
























































































































High <10 <10 <10 <10 <10 <10
TOTAL SUSPENDED SOLIDS, mg/L









































































(Asiatic C1am) 850 5 <1
7O
TBP is calculated using pf
l.72 (McFarland and Clarke, l986) as:
TBP = l.72 (Cs/OC) (2)
In which:
Cs = concentration of chemical in sediment
CC = organic carbon content of sediment
TBP = equivalent concentration in organism lipid in the same units as Cs.
A pf corrects for the difference in equilibrium phase activity between the
phases lipid (in organism) and organic carbon (in sediment) and expresses
concentration of the chemical in the sediment in lipid equivalents. To express
TBP on a fresh weight basis, multiply by the decimal fraction (or percent, if
that is used to express 0C content of sediment) of an organism's lipid content.
Implicit in these calculations are three important idealizations: l) the
assumption of no metabolic degradation or biotransformation of the chemical;
2) total bioavailability of sediment—associated chemical to the organism; and
3) primacy of lipid as the biochemical compartment for partitioning of neutral
organic chemicals. Estimations involving TBP, then, are inherently conservative.
The analysis chosen for the following comparisons was sediment concentration of
fluoranthene since this compound was the priority pollutant found in highest
concentration in a sediment analysis, and was present in both harbor sediments.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in such a manner that their bioavailability and bioaccumulation potentials
under severe exposure conditions were
low.
Neither could mortality of any
test species be attributed to contaminants in the sediments.
The
results of this
study indicate a low order of chemical
contamination
in the sediment samples provided.
Many chromatographic and spectrometric
peaks of low magnitude were observed but were not identified in the samples
and indicate low—level concentrations of a wide range of chemical compounds in
the sediments.
0f the recognized "problem" chemicals, there was no indication
of high presence or transport from sediments to organisms.
These results must
be considered conclusive in eliminating the sediments provided and evaluated
as having high potential for bioaccumulation.
Projection of these assessments
to in situ harbor sediment potential for adverse impact should be done very
cautiously and always bearing in mind the representativeness of the samples in
characterizing the whole area of interest.
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Because of the relatively low levels of contaminants encountered
in the sediments analyses, the computer printout listings of
analytical findings in the Appendix only show a small percentage of
quantified results. This coupled with its large size as provided by
the Tennessee Valley Authority, Division of Services and Field
Operations, Laboratory Branch, (over 80 pages) precluded its
attachment.
However, the following pages illustrate the format used and
the type of information offered in the Appendix. Photocopies of the
complete Appendix are available upon request.
75

 ANALYSES OF ORGANISMS EXPOSED TO TOLEDO 0R TORONTO HARBOR SEDIMENT
Key: Tissue Analysis Coding System (Field ID)




   
 
3'Treatment 4KOrganism
Aguarium number: Ol, 02,.... 24
Harbor sediment of exposure: Toronto = R
Toldeo = L
Treatment: Deposited sediment exposure = D
Low suspended particulate exposure = L
Medium suspended particulate exposure = M
High suspended particulate exposure = H
l
l
Organism: Fathead Minnow (Pimephales promelas)
Golden Shiner (Notemigonus crysoleukas)
Japanese Medaka (Oryzias latipes)
















Day—of—month: 07, 08,... l8 correspond to Start minus one day, Start day,...
Start + ten days of exposure
08 Dec l3 corresponds to Start + 30 days of exposure
Time—of—day: 0000 - 2400 hours

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   




























































































































































































































































































































































































































































































































































































































































































































































































































































































   
Toronto and Toiedo Harbor Sediments
l
Bulk sediment analysis for PCBs, Hg, oil and



































Monitor bioassay conditions for
6..— temperature, dissoived 02, hardness ___._.>























by 2—day purging 2-day purging
\
/
Anaiysis of a1] test organisms (inciuding preexposure)











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
TABLE 1.
PHYSICAL AND CHEMICAL CHARACTERISTICS OF CONTROL AND TEST SEDIMENTS



































Meadowood Pond 62.4 18.8 18.9 2.8 1800 0.010 0.005
(Contro1)

















their preexposure residue during exposure to the c1ean sediments.
Pre1iminary review of PCBs in fathead minnows exposed to the To1edo Harbor
sediments (Tab1e 2) suggested a s1ight increase in residues during the







































in the fish most 1ike1y interfered with accumu1ation of PCBs as compared to
that noted in earthworms.
Residues of Hg in fathead minnows showed no significant change after
exposure to To1edo Harbor sediments. These resu1ts thus confirmed those
resu1ts obtained with earthworms in indicating no significant accumu1ation
of Hg from To1edo Harbor sediments.




















in a sing1e exposure tank (12 of 15 worms). 0n the day when most of the




















A1though these conditions a1one wou1d not be expected to harm earthworms, they






































from the other two tanks. '
86
TABLE 2.
CONCENTRATIONS OF WATER, LIPID, PCBs, AND Hg IN TEST ORGANISMS






































































































(0.28) (0.16) (0.55) (0.036)




























































with the sediments, the technicians reported a very noticeable aromatic or
"oily" smell—«obviously resulting from the presence of 10,400 pg/g of oil
and grease.

























































would be low. Mortality was 6.9% in earthworms and nil in fathead minnows
(Table 3).
DISCUSSION AND CONCLUSIONS
The bioaccumulation test is but one of several procedures available
for evaluating sediments and, in dredging operations, for helping in the
evaluation of disposal options. The test appears to be most valuable in
determining the bioavailability of contaminants present in sediments that
are not considered highly contaminated or acutely toxic to aquatic organisms.
When a particular sediment greatly exceeds bulk criteria for accumulable
contaminants or is acutely toxic to organisms, there is little need or value
in performing a bioaccumulation test.
Toledo Harbor sediments represent the type of materials for which
bioaccumulation tests appear useful. Although the sediments contained
relatively low levels of PCBs (0.21 ug/g), theworms accumulated 2.56 ug/g
during a 10-day exposure. Even though we were unable to confirm significant
accumulation of PCBs in the fathead minnows we nevertheless believe that the
test was successful in demonstrating the potential for bioaccumulation of
PCBs by the earthworms. The information thus should be helpful for use in
selecting appropriate disposal options for dredged sediments that will protect
against significant accumulation of contaminants in the tissues of organisms.
0n the other hand, bioaccumulation tests with sediments like those from
Toronto Harbour may be of limited value. The high concentrations of oil and
grease as well as volatile solids (Table l) characterize these sediments as
being heavily polluted (Dredging Subcommittee, 1982) yet the results of our
tests indicate no significant bioaccumulation potential for PCBs and Hg
and survival of test organisms was high. The use of the results of the
bioassessment tests alone would obviously be improper, since only two
contaminants were tested and the organisms used were selected, in part,
because of their relatively high tolerance to pollution. Decisions about
Toronto Harbour sediments can therefore probably best be made on the basis
of criteria other than bioaccumulation (at least not without additional
testing for other potential accumulable compounds present) and on toxicity
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for two Great Lakes harbours using the Water Quality Board Dredging
Subcommittee Guidelines. Report to the Great Lakes Water Quality Board,
International Joint Commission, Windsor, Ontario. 67 p.
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Prater~Anderson Type Recircuiating Tests
Liquid Phase ETutriate Tests





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































            
 
   
 
   
Sediment for Sediment for













Metals Region X —————— F-J Recirculating





Daphnia I Daphnia I Daphnia
Tested initial Tested initial 48—hr test
48 hr of 48 hr of
10—day test lO—day test Fathead
-____ — _____ Minnow
48—hr test
Daphnia II Daphnia II
Tested final Tested final
48 hr of 48 hr of
l0—day test lO—day test
Hexagenia H Hyalella











End of first 48 hr 1
Start of final 48 hr J
End of l0~day ]
Figure 1.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 A separate aliquot was analyzed for moisture to relate the samples back to
a dry~weight basis. An aliquot of the sediment sample was transferred to a
glass bottle, frozen and placed in a freeze~dryer. Tares and weights of
sediments were noted prior to freezing and after freeze—drying. The moisture
lost through freeze~drying was compared to moisture loss following heating on
a steam bath and final drying in a 100°C oven overnight. The variation
observed in freeze—drying was no different than variation observed in air-oven
drying, and the mean percent moisture by either technique gave the same result.
The freeze—dried sediments were passed through a sieve with a 250 pm
opening (No. 60). Any residue retained by the sieve was ground until it passed
through the sieve openings. Small stones were discarded. Normally 95% of the
freeze—dried material would pass through the sieve with minimum grinding. This
sieved sediment was used for COD, TKN, TOC, total phosphate—phosphorus, and
neutral hexane extractible analysis [4, 5, 6]. The results of the bulk analysis
for metals, moisture, loss on combustion (volatile matter), TOC, TKN, TP, neutral
hexane extractable material, pH, and uncorrected Eh are presented in Table 1.
Most of these analyses, as well as most of the ionic analyses, were
carried out for the purpose of characterizing the sediment. This provides for
future comparision between these and other sediments that we may investigate,
provides baseline information that may be valuable for normalizing toxicant
bulk chemistry to toxicologically meaningful values, and provides quality
control information.























































































































































































































































































































































































































































































































































   
TABLE 1.
BULK ANALYSIS, TOLEDO—TORONTO SEDIMENTS
% % Neutra1
Loss Dis— * * Hexane
% on so1ved COD TOC TKN TP Extract. **
Moisture Combust. in Acid % % ppt ppt ppt. Eh pH
Porter
Lake































BULK ANALYSIS, TORONTO—TOLEDO SEDIMENTS, TOTAL METALS, mg/kg DRY WEIGHT
 
Cu Ni Cr Pb Cd Zn
Porter
Lake

















Contro1 200 120 300 21 3 150
*Tota1 Kje1dah1 nitrogen and tota1 phosphate in parts per thousand.
**Direct mi11ivo1t reading — potentia1 deve1oped by p1atinum redox e1ectrode.
 TABLE 2.
TURBIDITY IN PRATER—TYPE VESSEL, JTU
1st Run (Porter Lake Controi) 2nd Run (S.C. Pond Controi)
Initia1 Day 0 Day 2 Day*8 Day*10 Initia1 Day 0 Day 2 Day 8 Day 10
Contro1 1 —- —- 100 56 40 —— 2 70 90 95
Controi 2 —— —- 40 22 14 -— 2 35 65 85
Contro1 3 —- —- 35 19 10 —— 2 25 110 150
Toronto 1 —— —— 60 20 10 —— 3 140 140 58
Toronto 2 -~ —- 82 20 15 ~— 2 100 80 60
Toronto 3 —- —— 82 16 5 ~— 2 170 140 95
Toledo 1 —— —- 100 82 55 —— 3 36 57 60
To1edo 2 —— —- 110 38 24 —— 2 50 110 100
To1deo 3 —- —— 130 120 95 —- 2 30 110 120




TOTAL CONSTITUENTS IN WATER COLUMN, mg/L
Porter Lake Contro7 Soap Creek Pond Contro]
* *
 
Initia7 Day 0 Day 2 Day 8 Day 70 Initia7 Day 0 Day 2 Day 8 Day 70
Ca7cium 6.8 7.7 7.6 7.3 7.8 6.6 6.9 7.7 7.7 7.2
Magnesium 2.7 2.3 3.7 3.0 3.7 2.0 2.2 2.9 3.3 3.5
Sodium 5.7 5.3 5.6 5.5 5.8 4.8 4.9 5.0 4.2 4.3
Potassium 0.58 0.74 7.7 7.0 7.7 0.45 0.23 0.47 0.36 0.36
Strontium 0.036 0.040 0.055 0.053 0.055 0.033 0.034 0.034 0.029 0.029
Iron 0.035 0.72 3.0 7.5 7.0 0.054 0.047 7.8 3.2 4.7
Manganese <0.002 0.032 0.74 0.045 0.024 <0.002 0.095 0.44 0.35 0.36
Zinc 0.074 0.078 0.07 0.076 0.047 <0.005 0.005 0.034 0.077 0.075




as P 0.026 <0.07 -— 0.039 0.033 0.036 <0.07 0.027 —- —-
Tota7
Kje7dah7
Nitrogen 0.79 0.32 —— 7.2 0.77 <0.05 0.059 0.53 ~- ——
 







1st Run+ 2nd Run++
* (a)
Initia1 Day 0 Day 2 Day 8 Day 10 Initia1 Day 0 Day 2 Day 8 Day 10




































































































































































































































TORONTO, TOTAL CONSTITUENTS IN WATER COLUMN, mg/L
 
1st Run 2nd Run
* *
Initia1 Day 0 Day 2 Day 8 Day 10 Init1a1 Day 0 Day 2 Day 8 Day 10
 
Ca1cium 6.8 8.7 28 35 39 6.6 9.8 40 42 45
Magnesium 2.1 2.4 4.3 3.9 4.0 2.0 2.4 5.0 4.2 4.4
Sodium 5.1 5.6 6.8 7.5 7.8 4.8 5.6 6.7 7.2 7.5
Potassium 0.58 0.77 1.7 1.8 1.8 0.45 0.65 1.7 1.8 1.9
Strontium 0.036 0.045 0.098 0.12 0.13 0.033 0.048 0.12 0.14 0.15
Iron 0.035 0.18 4.1 0.86 0.76 0.054 0.17 6.0 2.1 2.2
Manganese <0.002 0.019 0.16 0.025 0.019 <0 002 0.028 0.25 0.10 0.088
 
Zinc 0.014 0.035 0.09 0.04 0.05 <0.005 0.008 0.21 0.09 0.66
A1uminum <0.03 <0.03 2.1 0.4 0.17 <0.03 <0.03 2.2 0.58 0.66
Tota1
Phosphorus
as P 0.026 <0.010 —~ 0.015 0.011 0.036 <0.02 0.040 -~ ~—
Tota1
Kje1dah1
Nitrogen 0.19 0.32 —— 0.27 0.28 <0.05 0.81 0.38 —- ——
*We11 water before sediment contact.
TABLE 6.































































































































































































































































































































































































TOLEDO, TOTAL CONSTITUENTS IN HATER COLUMN, mg/L
 
1st Run 2nd Run
it *
  



































































































































*We11 water before sediment contact.
 TABLE 8.





Day 2 Day 8 Day 10










































































Aluminum is not included in the soluble metal data tables because all of its
concentrations were below the detection level (0.03 mg/L). Concentrations of
a the following metals were below the indicated detection levels in both the
é -total and soluble fractions [9]:
Metal Detection Level, pg/L
 
i Antimony 30 Lead 30
Arsenic 30 Nickel 10
Cadmium 5 Vanadium 7
Mercury 5
Soluble copper and soluble chromium were below the detection level of 10 pg/L,
but total copper and total chromium were above detection limits in Toledo and
Toronto samples on at least one occasion and total copper was detected once in
a Soap Creek control sample. As a general rule of thumb, if a concentration
is at least three times the detection level there is confidence that the
analytical signal approaches a true concentration [9]. This occurred only in
‘
the case of day 2 of the second run in the total concentration of the Toronto
water for copper and chromium as shown in Table 9.
  
In examining the data on totals and solubles in Tables 3 through 8 the
above rule of thumb should be applied. Very little change in soluble
constituents is observed over the 10—day test period in the different control
sediments (Tables 3 and 4). This is expected because the locally obtained
control sediments are generally similar to the soil types through which the
test water (local groundwater) moves.
The situation changes when water comes
in contact with Toronto and Toledo sediments.
The relatively small volume of
water coming in contact with sediment particles tends to interact and
equilibrate to the character of the sediments, and should approach the
character of Toronto and Toledo harbor waters.
 
An analysis of the water chemistry in Toronto and Toledo harbors was
obtained from the Ohio EPA (STORET code station 500080) and the Ontario Ministry
of the Environment.
The data for Toledo is from a sampling period near the
actual time of sediment collection and that for Toronto was collected in the
same period in l982. The water chemistry within the bioassay vessels did not
approach the actual water quality conditions of the overlying harbor waters.
This is most evident in the chloride and sulfate concentrations.
The chloride
and sulfate concentrations in Toldeo Harbor reported by the Ohio EPA were 59 and
29 mg/L, respectively, whereas concentrations released from the test sediments
were 8 and 5 mg/L.
A chloride and sulfate concentration of 30 and 37 mg/L,
respectively, was reported for Toronto Harbour water by the Ontario Ministry,
while the sediment released 10 and l2 mg/L.
The activity of the Hexagenia in sediment caused increased turbidity of
the water column as shown in Table 2. The particulates moving through the water
column modify water concentrations of dissolved constituents, especially in
the case of Toronto and Toledo sediments.
This water concentration change in
}
solubles does not mimic the overlying water and does not approach the total
1
hardness and alkalinity as indicated in Table 10. In interpreting biological
1
responses, temporal changes resulting from soluble releases from sediments must

































































































































































































































































DATA ON WATER, TORONTO—TOLEDO
* Day Day Day Day * Day Day Day Day **
Initia1 0 2 8 _10 Initia1 0 2 8 10 Natura1
Toronto
pH Units 7.0 7.1 7.7 8.0 8.0 7.0 7.2 7.8 8.0 7.9 8.1
A1ka1inity
mg/L 24 31 61 86 83 22 28 63 92 107 104
Tota1 Hardness
mg/L 23 28 66 92 102 21 29 65 95 110 140
DO mg/L 9.0 6.6 7.5 8.1 8.6 9.0 6.5 7.7 7.6 7.8 ~—
Temperature***
To1edo
pH Units 7.0 6.9 7.5 7.8 7.9 7.0 7.2 7.3 7.8 7.7 8.1
A1ka1inity
mg/L 24 —— 49 83 74 22 29 50 80 86 143
Tota1 Hardness
mg/L 23 —- 57 92 97 21 31 51 80 86 230
DO mg/L 9.0 6.8 6.3 7.3 8.3 9.0 5.8 5.6 6.8 6.4 ——
Temperature***
*We11 water before sediment contact.
**Site water (Toronto and To1edo Harbors).



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































L0 = Was not detected at detection 1eve1 thus the compound is reported at 1ess than the detection 1eve1,
*








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
The EPA Region X Laboratory also reported the following non—priority







































The Porter Lake control sediment showed elemental sulfur at 14 and 25 ug/kg
in the two subsamples, and 2(4H)~Benzofuranone, 5,6,7,7a—tetrahydro— 4,4,7A
trimethyl—, estimated at 980 pg/kg in one subsample.
GC/MS analysis of the neutral
hexane extractable
sample was conducted by
the CERL.
The analysis was qualitative and should
not be confused with the




difference between the two test sediments.
The Toronto
sediment contains
a considerably greater number of identifiable pollutants than the Toledo
sediment.




































Region X GC/MS standardized
protocol
including PNA's and the substituted napthalenes.
QUALITY CONTROL DISCUSSION
As indicated above for Tables l—lO,












































indicate the latest control
values were within il0% of those previously
reported for these sediments [2, 12].















(58 i l4 mg/kg) were within two standard deviations.
ll4
  
 V TABLE 15.
l OBSERVED MORTALITY IN PRATER-ANDERSON BIOASSAYS WITH THE INDICATED SEDIMENTS
 
Bioassay Data — Percent Mortality
   
Replicate
Station No. Daphnia I Daphnia II Hexagenia
Toldeo Harbor l 0 _ 0 _ 40 _
2 0 x = O O x = 0 20 x = 20
3 O 5 0
Toronto Harbour l 100 _ 25 _ 6O _
2 83 x = 9T 25 x = 27 40 x = 53
3 89 30 60
Soap Creek Pond Control l 0 _ D _ 20 _
2 O x = 0 O x = 0 20 x = l3
3 O O 0
TABLE 16.




Rep. Daphnia Daphnia Fathead
Station No. I II Hyalella Chironomus Minnow Daphnia
Toledo l 7 _ 0 _ 7 _ 20 _ 0 0 _
Harbor 2 27 x = 14 O x = 5 0 x = 2 50 x = 40 - 0 x = 7
3 7 l4 0 50 — 20
Toronto l 100 _ D _ l3 _ 80 _ l00 _ 0 _
Harbour 2 93 x = 98 D x = 0 20 x = l8 90 x = 87 TOO x = 100 0 x = 3
3 TOO O 20 9O — lO
Porter 1 0 _ 0 _ 73 _ 40 _ 0 _ 0 _
Lake 2 D x = O 0 x = 0 40 x = 49 20 x = 23 O x = 0 l0 x = 3
(Control) 3 0 0 33 lO — 0
 
  
The finding of greater toxicity of Toronto sediment is reinforced by
results of tests with chironomids.
Mortality was four times higher in Toronto
sediment systems (87%) than in controls (23%), with Toledo sediment producing
intermediate mortality (40%).
Results from tests with Hyalella indicate very high control mortality,
which we postulate was an artifact of predation by Chaoborus present in Porter
Lake sediment and observed in the Hyalella test beaker.
Comparison of Hyalella
survival in Toledo and Toronto sediment systems also are consistent with
greater toxic problems with Toronto sediments.
Elutriates of the sediments produced no appreciable mortality of Daphnia,
but the Toronto sediment elutriate caused l00% mortality of newly—hatched
fathead minnow larvae.
One can speculate that aged samples and elutriates tend to be closer to
equilibrium than do unequilibrated unmixed sediment—water systems. This
could be the common thread linking the results of these toxicity tests;
equilibrated systems lacked the toxicity of newly—interfaced sediment and water.
Would this phenomenon have occurred if we had used Toronto or Toledo harbor
water? Would these harbor waters have been toxic in their own chemistry?
Based on bulk analysis of organic pollutants and the general chemistry of
the water during the tests with Prater-Anderson type tests, we are unable to
ascribe a cause for the mortality we observed with Toronto Harbour sediments.
The inorganic factors (9 g. metals, general chemistry) do not appear to be
significant as toxic sources. The organics (including the many not analyzed
for) are likely candidates, but our ability to identify probable toxic
components is limited by a lack of information on the aqueous toxicity of many
organic chemicals, the reliance on bulk sediment chemistry with limited water
column chemistry, and a fragmentary understanding of the bioavailability/
toxicity of insoluble forms of pollutants. These results point out the problem
of using bulk chemistry alone to detect and predict levels of sediment pollution.
We would also like to point out the difference between evaluating acute
toxicity and evaluating chronic toxicity or bioaccumulation. We have reported
on the former but not the latter, and in cases of in situ problems (including
sediment disposal sites), the chronic problems probably predominate. For
impacts at the site of dredging activity, often toxicologically more
transitory, the acute evaluation may suffice.
BIOASSESSMENT COST
Estimates of human—hours required for the toxicity tests conducted with
these two sediments plus a control sediment ranged from 40 to 60 hours each
for the Prater—Anderson tests and the suite of beaker tests. This includes
sediment handling, test set-up, conduct and termination, but includes only
routine chemical analyses for pH, DO, hardness and alkalinity. The entire
battery of bioassays would require 80—l20 humanehours, but we would not
recommend such an in—depth study other than for research. These estimates
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 TERMS OF REFERENCE FOR THE
DREDGING SUBCOMMITTEE OF THE
WATER QUALITY PROGRAMS COMMITTEE
The Dredging Subcommittee (US) will assist the Water Quality Programs
Committee (WQPC) of the Great Lakes Water Quality Board (NOB) by:
a.
Reviewing the existing practices and policies in both countries
relating to dredging activities and their impact on the
environmental quality of the Great Lakes system.
Maintaining a register of significant dredging projects being
undertaken in the Great Lakes system with information to allow for
the assessment of the environmental effects of the projects,
including the long—term effect of both dredging and disposal of
toxic sediments. The register shall include pertinent statistics to
allow for the assessment of pollution loadings from dredged
materials to the Great Lakes system.
Recommending procedures for encouraging the exchange of information
relating to development of dredging technology and environmental
research.
Identifying specific criteria for the classification of polluted
sediments of designated areas of intensive and continuing dredging
activities within the Great Lakes system.


















problems associated with the presence and/or removal of in~place
pollutants, especially in case of "l8 Class A Areas of Concern“
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